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PROSTAGLANDIN DERIVATIVES DEVOID OF SIDE-EFECIS FOR THE 
TREATMENT OF GLAUCOMA 

The invention is related to a method of treating glaucoma and ocular hypertension 
utilizing prostaglandin analogues or derivatives that are devoid of mclanogcnic effect 
in the eye. The invention also relates to ophthalmic compositions containing 
prostaglandin compounds devoid of melanogenic effect in the eye. 

Glaucoma is an eye disorder characterized by increased intraocular pressure, 
excavation of the optic nerve head, and gradual loss of the visual field. An abnormally 
high intraocular pressure is commonly known to be detrimental to the eye, and there 
are clear indications diat in glaucoma the intraocular pressure is the most important 
factor causing degenerative changes in the retina and the optic nerve head. The exact 
pathophysiological mechanism of open angle glaucoma is, however, still unknown. 
Unless treated, glaucoma may lead to blindness, the course of flie diseaiie typically 
being slow with progressive loss of vision. 

The intraocular pressure (lOP) can be defined according to the formula (1): 
(1) IOP = Pft + (Ft.Fu)xR 

where Pe is the episcleral venous pressure. Ft the formation of aqueous humor, Fu the 
part of the aqueous humor which exits the eye through the uveoscleral outflow 
pathway, and R is the resistance in the trabecular outflow pathway. The aqueous 
humor in the anterior and posterior chambers of the eye is produced by the ciliary 
processes behmd the iris. It then flows through the pupil into the anterior chamber, 
and nonnany exits the eye through the trabecular meshwoik and Schlemm's canal into 
the episclCTal veins outside the eye globe. However, part of the aqueous humor may 
leave the eye through the uveoscleral outflow route. The flow in this route is regarded 
as oidy minimally influenced by the intraocular pressure (Bill, 19753. 
The intraocular pressure in humans is normally in the range of 12-22 mmHg. At 
higher pressures, e.g. above 22 mmHg, there is an increased risk that the eye may be 
damaged. In one particular form of glaucoma, normal tension glaucoma, damage may, 
however, occur at intraocular pressure levels that arc within the nonnal physiological 
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range, Tb?^ opposite situation is also known, Lc. some individuals naay exhibit an 
abnormally high ininictcular pressure without any manifest defects in the visual field 
or the optic nerve head- Such conditions usually are referred to as ocular hypertension. 



Glaucoma treatment can be given by means of drugs, laser or surgery. In drug 
treatment the purpose is to reduce either the formation of aqueous humor (Ft), or the 
resistance to outflow of aqueous humor (R), which according to foimula (1) above 
will result in reduced intraocular pressure; altcmadve]y to increase the outflow of 
aqueous humor through the uveoscleral route which according to formula (1) also 
reduces the intraocular pressure. 

Prostaglandins and typically PGF2cc* its esters and analogues, reduce the intraocular 

pressure mainly by increasing die uveoscleral outflow of aqueous humor (Crawford 
and Kaufman, 1987; Nilsson et al., 1989; Tons et al., 1993; Stjemschantz et al.. 
1 995). The use of prostaglandins and their derivatives is described in several patents 
and patent applications, for instance in US 4,599,353 (Bito)» US 4,952,581 (Bito), 
WO89/03384 (Resul and Stjemschantz). EP 170258 (Cooper), BP 253094 (Goh). and 
in EP 308135 (Ucno). 

• 

Prostaglandins are fatty acids usually derived from the precursors cicosatricnoic, 
eicosatetraenoic and eicosapentaneoic acid through metabolic steps involving 
oxygenation. Naturally occurring prostaglandins typically have (be general structure 
shown in Fig. 1 . 




Fig, 1 



The prostaglandins accordingly cany a cyclopentane ring to which two carbon chains 
link, the upper chain usually being called the alpha chain and the lower chain usually 
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being called the omega chain. The prostaglandins are classified in subgroups A, B. 
D, E, F, G, H, I and J depending on the structure and substituents in the cyclopentaue 
ring as shown in Rg. 2. 




PGG.PGH PGI PGJ 



Fig. 2 

The alpha chain is a 7 carbon carboxy-terminated aliphatic chain whereas the omega 
chain is a 8 carbon methyl-terminated aliphatic chain. Depending on the number of 
double bonds in these chains subscripts of 1 to 3 arc given. In prostaglandins with 
subscript 1 , e.g. POFjo^- the double bond is situated between carbons 13 and 14 in the 
omega chain, and it exhibits trans configuration in naturally occurring prostaglandins. 
In prostaglandins with subscript 2, e.g. J<jF2a> ^ addidonal double bond in the cis 
configiiratiou is situated between carbons 5 and 6 in the alpha chain, and finally in 
prostaglandins with subscript 3, a third double bond Is situated between carbons 17 
and 18 in the omega chain. This double bond also exhibits ci$ configuration in 
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naturally occurring prostaglandins. All nanirally occurring prostaglandins cany a 
hydroxyl group on carbon 15, wtxich is essential for biological activity. 

The receptor system for the naturally occuiiing piostagjandins has only recently been 
elucidated. Thus most of the prostaglandin receptors have been phainiacologicaJly 
characterized and their molecular structure identified by molecular biological 
techniques (Coleman ct al., 1994). There are specific receptors for the naturally 
occurring prostaglandins. The receptors forPGD, PGE, PGF, PGI2 (pixjstacyclin) and 
TXA2 (thromboxane) being abbreviated DP, EP^ FP, IP, and TP, respectively. 
Furthermore it has been shown that be EP receptor can be subdivided into four 
receptors, namely the EPj, EP2. EP3. and EP4 receptors. Specific tissues or cells may 
express only a few or many of these receptors, depending on the evolutionary 
development of this autacoid system in different species. Thus for instance it has been 
shown that the cat iris sphincter muscle expresses predominantly FP receptors that are 
functionally coupled and mediate constricdon of the piqjil, while the corresponding 
smooth mnscle of ttie bovine eye expresses BPj and TP receptors, activation of either 
of which will result in contraction of the muscle. A compoxmd which binds to a 
specific receptor and activates it is called an agonist while a compound that only binds 
to a receptor without activating it is called an antagonist. 

With respect to the practical usefuliiess of many of the prostaglandins and their 
derivatives as suitable drugs for treatment of glaucoma or ocular hypertension, a 
limiting factor may be their property of causing increased pigmentation of the iris in 
the eye (Stjemscbantz and Alm» 1996). Thus, die colour of the iris during chronic 
treatment in monkeys and in man tends to become daiicer, turning into brown. While 
this apparently has no negative medical conscqiiences, it is a clear disadvantage from 
a cosmetic point of view, particularly in patients undergoing treatment only in one 
eye. It would thus be desirable to identify prostaglandins which effectively reduce the 
intraocular pressure without causing the side-effect of increased iridial pigmentation. 



We have now unexpectedly found that prostaglandin derivatives and analogues which 
arc selective agonists for the EPj subgroup of prostanoid rccqitors fulfil the criteria 
for a prostaglandin analogue which effectively reduces the intraocular pressure 
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without causing increased production of pigment (melanogenesis) in the iris. The 
background of diis finding is tiiai in a study to identify the prostanoid receptor 
subtypes in the human iridial melanocytes we have found that these cells express in 
their cell memhranes the FP. EP2, and EP3 receptors, but not the EPi and TP 
receptors. Furthennore, we have investigated the intraocular pressure reducing effect 
of several relatively selective EPj agonisis and found that these prostaglandin 

analogues effectively and potently reduce the intraocular pressure both in cats and 
monkeys. 



Therefore, it is now apparent that, by using selective EPi receptor agonists, the 
intraocular pressure can be reduced in primates, and thus also in man, without 
increased melanogenesis as side-effect, since the melanin producing cells, the 
melanocytes, lack the specific receptor necessary for the transmembrane signalling 
into the cell. While we at present have no clinical evidence that such selective EPj 
agonists do not cause increased pigmentation of the iris, since the induction time for 
this phenomenon to occur often is 6-12 months, and thus extremely long and costly 
experiments have to be carried out in primates, we can nevertheless conclude from 
relevant in vitro studies that such increased pigmentation would not occur in the 
absence of the specific signalling receptor in the cell membrane of the melanocytes. 

Accordingly, high selectivity or specificity to the EPj receptor compared to other 
prostaglandin receptors in the eye characterizes the compounds to be used in the 
method or compositions according to the present invention. It need not to be said that 
the more selective the compound is for the BPi receptor, the better results are 
obtained but a certain advantage is of coxarse achieved also in cases of some 
interaction with other receptors. High selectivity in this connection means that die 
effect on the EPj receptor is a least more than 5 times, especially more than 10 times, 
and in particular more than 100 or 1000 times the effect on the other prostaglandin 
receptors. 

The specific prostaglandin analogues tfiat we have used for exemplifying and proving 
this invention were PGF2p (1). PeF2p isopropyl ester (2), 17-phenyH8,19,20-trinor- 
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PGEa (3), 17-phenyl-18.19.20-trinor-PCE2 isopropyl ester (4), 15(R,S)-16,16- 
tnmethy]eae.PGE2 (5), 15(R.S>16a6-trimcthylcne^PGE2 methyl ester (6). and 
13,14^dihydro-17-(3-fluorophcnyl).18, 19, 20 triiior-PGE2-isopropyl ester (7). All 
these analogues are relatively selective EPi receptor agonists. The receptor profiles of 
the test compounds are presented in Table L 



Tabic I. Receptor profile of prostaglandin analogues tested (EC-SO values expressed 
as xnolcs/l in functional receptor assays). 



Prostaglandin FP EPi EP2 EP3 DP/IP TP 



1 


5x10^ 


10-* 


10-* 


>io-* 


>io-^ 


>io-' 


3 


10-7 


2x10-* 


>io-* 


>10^ 


>io-* 


>io-^ 


5 


2x10"^ 


exio-* 


2x10'' 


3xl0"*# 


>10"* 


>10"* 


7 


6x10' 


4x10'* 


5x10-* 


io-*# 


>io-^ 


>10^ 



# estimated based on difference in receptor assay between guinea pig vas deferens and 
chick ileum. 



In one aspect, the invention relates to the use of selective prostaglandin HP] receptor 
agonists devoid of melanogenic effect for the treatment of glaucoma or ocular 
hypertension. The method for treating glaucoma or ocular hypertension comprises 
contacting the surface of the eye with an effective intraocular pressure reducing 
amount of a composition, containing an EPj selective prostaglandin as afoiesaid, in 
order to reduce the intraocular pressure and to maintain said pressure at a reduced 
level. The composition usually contains about O.I-lOO jxg, especially 1-30 p-g per 
application of the active substance. The composition is applied topically on the eye 1- 
3 times daily. 

Hie prostaglandin derivative is mixed with an ophthalmologically compatible vehicle 
known per se. The vehicle which may be employed for prq>aring conqxisitions of this 
invention comprises aqueous solutions, e.g. physiological saline, oil solutions, or 
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ointments. The vehicle may furthenuorc contain ophthalmologically compatible 
preservatives such as e.g. benzalkonium chloride, surfactants, such as polysorbatc 80, 
liposomes or polymers, for example methyl cellulose, polyvinyl alcohol, polyvinyl 
pyrrolidone and hyaluronic acid; these may be used for increasing the vis^cosi^. 
Fuithermore it is also possible to use soluble or insoluble drug inserts. 

in another aspect, the invention relates to ophthalmological compositions for medical 
treatment of glaucoma or ocular hypertension which comprise an effective intraocular 
pressure reducing amount of a prostaglandin analogue which is a selective agonist of 
EPi receptors as defmed above and an ophthalmologically compatible carrier. The 
effective amount usually comprises a dose of about 0. 1-100 \ig in about 10-50 of 
the composition. 

Tn still another aspect, the invention relates to the use of the prostaglandin analogue 
for the preparation of a medicament for treatment of glaucoma and ocular 
hypertension. 

Preferably, the prostaglandin analogue is derived from PGF or PGE type 
prostaglandins. Particularly, the prostaglandin analogue is a compound of the general 
formula: 




R2 



wherein: 

the wavy bonds represent the a or P configuration, and the dashed bonds 
represent a single bond, a triple bond or a double bond in the cis or trans 
configuration; 

R is hydrogen, saturated or unsaturated alky], picfexably Ci,ioallQ^l» cycloalkyl, 
preferably C3.8cycloalkyl, aryl, arylalkyl, preferably aiyl-C2.5alkyl. or heteroaryl; 
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Rl is a saturated or unsaturaied alkyl group having 2^5 carbon atoms, optionaUy 
interrupted by a heteroatoms selected from oxygen, sulfur and nitrogen, cycloallcyl, 
preferably Cs.ycycloaltyl, cycloalkenyl. preferably C3.7cycloaIkenyl, aiyl or 
hcteroaiyl; 

Xis>C-OHor^C=0; 

R2 is hydrogen, hydroxy, methyl, ethyl, methoxy or OCOR4, where R4 is a 
straight or branched chain saturated or unsaturated alkyl group, preferably Cj.ioalkyl, 
especially Ci^galkyl. or a cycloalky), preferably C3.gcycIoalkyl, or aryl group; 

R3 is a straight or branched chain saturated or unsaturated sJkyl group, 
preferably having 3-8 carbon atoms, especially 3-5 carbon atoms, optionally 
interrupted by one or more heteroatoms selected from oxygen, sulfur and nitrogen, 
each carbon atom optionally being substimted with a substituent selected from 
Ci.falkyl, hydroxy and carbonyl groups, hydroxy and carbonyl preferentially being 
attached to carbon 15 of the prostaglandin structure, and said alfcyl group optionally 
contaming a cycloallcyl, preferably Cs^gcycloalkyl, aryl or heteroaryl group, which 
may be mono- or independently multi-substituted with Ci.salkyl, Ci^salkoxy. 
hydroxy, nitro, trifluoromethyl or halogen; 
or a pharmaceutically acceptable salt or ester thereof. 

Aiyl is preferably substituted or unsubstituted phenyl. 

Exemplary heteroaryl groups are thiophene, furan, thiazole, isothiazole, oxazole, 
isoxazole, pyridine, pyrazinc, pyrimidine, pyridazine. 

Aryl, heteroaryl and cycloalkyi may be mono- or independently di- or multi- 
substituted by C].3alkyl, Ci.aalkoxy, hydroxy, nitro, trifluoromethyl or halogen. 

Unsaturated alkyl may contain one or more double and/or triple bonds. 



Halogen is fluorine, chlorine, bromine or iodine, especially fluorine, chlorine or 
bromine. 



% 
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The prostaglandins may be in racemic fonn as well as in the fonn of the individual 
enantiomers. 



The invention is illustrated by means of the foUowing non-limiting examples: 

Identification of prostaglandin receptors. The prostaglandin receptors were identified 
using the revenged transcriptase polymerase chain reaction (RT-PCR) technique. 
Specific primers were designed for the FP, EPj, EP2. EP3, and TP receptors. The 
primers used in the assays are presented in Table n. RT-PC31 was performed on 
inRNA isolated from human iiidial melanocytes in culture. The cultured c^Us were; 
used for preparing mRNA. The RT-PCR mix was analysed on agarose gel and bands 
of expected size were cloned and sequenced. The deduced sequences were analysed 
for .similarity to each prostaglandin receptor sequence. 

Methods, Human iridial melanocytes weie isolated and cultured according to Hu ct al. 
(1993) and used in early passages. Cells were grown to confluence and harvested for 
the mRNA enrichment 



mRNA was isolated using I>ynals mRNA Direct System (Dynal AJS, Norway) 
according to the manufacturer's instructions. 100.000-200.000 human melanocyte 
cells were used in the enrichment. mRNA is covaiently bound to an oligo-dT labeled 
Dynabead. Using reverse transcriptase the first strand cDNA is synthesized directly on 
the Dynabeads with the oligo-dT as a reverse transcriptase primer. The second strand 
cDNA is synthesized tising a known 3' sequence primer from respective prostaglandin 
receptor, resulting in double stranded cDNA. The same set of Dynabeads was used for 
each receptor RT-PCR. Receptor specific primers were used for PGR amplifying 
DNA from Dynabead bound cDNA according to the manufacturer's instructions. For 
the FP and EP3 receptor reactions the PGR was performed in 50 final volume with 
5% DMSO, 200 fiM dNTPs and 20 pmolcs of each primer. For the other receptors hot 
start with AmpliWax pellew (Pcrlan Elmer, USA) was used in a final vohime of 75 pj 
with 5% DMSO. 200 ]iM dNTPs and 20 pmoles of each primen 
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FP primers: 

Primary primers; CAC AAC CTG CCA GAG GGA AAA C and CCA GTC TTT 
GAT GTC TTC TOT G 

Secondary primers; CAG TAA TCT TCA TGA CAG TGG G and TIG TAG AAA 
CAC CAG GTC CTG G 



EPi primers: 

primary primers; TGT GGC ATG GCC GTG GAG and ACC AAC ACC AGC ATT 
GGGC 

secondary primers; CTG CAG GGA GGT AGA GCT C and GGC ACG TGG TGC 
TTC ATC G 



EP2 primers: 

primary primers ; CAA CCA TGC CTA TIT CTA CAG C and TCT CGC TCC AAA 
err GGC TG 

secondary primers; CTA CGT GGA CAA GCG ATT GGC and TGG TTG ACG 
AAC ACT CGC AC 



EP3 primers: 

primary primers; GGG ATC CAA OAT CTG GTT CAG and GCC TTC CCG ATC 
ACC ATG CTG 

secondary primers; CGC AAG AAG TCG TTC CTG CTG and CAC CAA GTC 
CCGGGCCACTG 



TPprimeis: 

primary primers: CTG GTG ACC GGT ACC ATC GTG GTG T and GTA GAT CTA 
CTG CAG CCC GGA GCG C 

secondary primers; TCG CTA CAC CGT GCA ATA CC and GGC TGG AGG GAC 
AGC GAC 
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The PCR mix from these reactions was aoalyzcd on a 1 % LMP agarose gel (BioRad 
Laboratories. USA). DNA fragments of ihc expected size were TA-cloned using a 
TA-cloning kit according to the manufacturer's instructions (Invitrogen Inc., USA), 
and sequenced on an Applied Biosystem Model 373 A DNA sequencing system 
(Applied Biosystems Inc., USA) according to Applied Biosystems' protocol for their 
Taq Dye Dioxy Terminator cycle sequencing kit The generated primary data were 
processed on a VAX computer using the sequence analysis progranxs from Genetics 
Computer Group Inc.. Madison, USA (Devereux, J., et al.. Nucleic Acids Research 12 
0): 387.395 (1984), 

Results: In human iridial naelanocytes based on our RT-PCR we could show an 
expression of FP, EP2 and EP3 receptors. However, we were not able to show the 
presence of the EPi and TP receptors (Table HI). As positive controls we amplified 
the expected EPi and TP fragments with the same primers from a human kidney 
cDNA library. We enriched poly A mRNA from human iridial melanocytes isolated at 
two different times and performed the PCR reactions several tirp^ts with identical 
result 



Xable m. RT-PCR (secondary PGR primers) of human iridial melanocyte mRNA 
using prostaglandin receptor sxTCcific primers (sec Table II). 



Gene Clorrect fragment size (bp) Sequence analysis 

Observed Expected 

+ 489 Identity with FP 

EPl - 397 

EP2 + 501 Identity with EP2 

EP3 + 372 IdcntiQrwithEPs 

TP - 4S4 



# 
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The structures of the end compounds prepared in the Examples are shown in Scheme 
1 provided at the end of the description. 

Example 1: PGF2p (con^und 1) 

The title compound was purchased from Cayman Chemicals Con^any, Ann Aitjor 
Michigan. USA, 

Example 2 : PGF2p Isopropyl ester (compound 2) 

DBU (163.5 mg, 1.01 mmol) was added to a stirred solution of PGF2p (Cayman 

Chemicals) (60 mg. 0. 1 69 mmol) in acetone (20 ml) at 0 **C. The mixtui« was allowed 
to wann lo room tcmpexamre, when isopropyl iodide (222.6 mg, 1.34 mmol) was 
added dropwise. After 48 h (TLC monitoring), the mixture was diluted with ethyl 
acetate (40 ml), washed with brine (30 ml), citric acid 3% (2x40 ml) and sodium 
hydrogen carbonate 5% (2x30 ml) and dried over anhydrous sodium sulfate. The 
solvent was removed in vacuo and the residue was chromatographed on silica gel 
using ethyl acetate : acetone 3:1 as ejuent This afforded a colorless oiL yield 46 mg 
(68%). NMR (CDCI3) d 1.3 (d, 6H). 1.6-1.7 (dm, 4H), 2.0-2.2 (dm. 6H). 2.3 (t, 
2H). 4.0-4.1 (m. 3H). 5.0 (sept, IH). 5.5 (m, 2H). 5.6 (m, 2H). '^C NMR (CDQs) d 
135.9. 132.2. 130.5, 128.0, 75.3, 74.8. 72.85, 67.6, 56.23, 52.25. 51.59, 42.32, 37.35. 
33.44. 31.74. 29.14. 26.66, 24.79, 22.6, 21.8. 14.03. 

Example 3 : 17-Phenyl-l8.19.20-trinor-PGB2 (compounds) 

The title compotmd was purchased f]X)m Cayman Chemicals Conyjany, Ann Arbor 

Michigan, USA. 

gx,amplc^: 17-Phenyl-18,19,20-irinor-PGE2 isopropyl ester (compound 4) 
DBU (43.5 mg, 0.29 mmol) in acctonitrile (1 ml) was added dropwise to a stirred 
solution of compound 2 (22.1 mg. 0.057 mmol) in acetonitiile (3 ml) at 0 ^'C. The 
mixture was allowed to warm to room temperature whereupon isopropyl iodide 



% 
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(78,0 mg, 0.46 mmol) in acetonitrile (2 oil) was added dropwise. After being 
stirred fur 12 h (TLC monitoring), ihe reaction mixture was quenched with water 
(8 ml), the mixture was extracted with ethyl acetate (2x50ml), and the extract was 
washed with brine (10 ml), citric acid 3% (10 ml), and finally sodium hydrogen 
carbonate 5% (10 ml). After drying with anhydrous sodium sulfate, the solvent 
was removed in vacuo and the residual oil was chromatographed on silica gel 
using ethyl acetate as elucnt. This afforded 230 mg of the product (69%) of the 
title compound as a colorless oil: 0.516 (ethyl acetate : acetone : HO Ac 
1:1:0.02); *H NMR (CDCI3) d 0.89 (m, 3H). 1.3 (d. 6H), 2.6^2.8 (m. 2H). 4.1 (m, 
2H), 5-0 (m. IH). 5.3-5.7 (dm. 4H), 7.2 (m, 5H). ^^C NMR (CDCl^) d 10.9. 13,9, 
21.8. 22.9, 23.8. 24.49, 24.8. 25.17. 25.6, 26.68, 28.93, 30.45, 31,77, 33.90. 34.01, 
34.07. 38.8. 46.22. 53.3. 54.48. 66.83, 67.62. 68.18. 71.77, 72.21, 76.35. 77.00, 77-2. 
77.64. 125.93, 126.46. 128.39. 128.44. 128.79, 130.63, 130.81. 131.04, 137.79, 
213.88. 

Example 5 : 15RS-16,16-trimethylen&-PGE2 (compound 5) 
To a stirced solution of 15RS-16,16-trimethylene-PGE2 methyl ester (52 mg, 0.13 
mmol) in acetone (0.4 ml) and phosphate buffer pH 7 (4 ml) was added lipase VII (40 
mg). The mixture was stirred at room temperature for 24 h (TLC monitoring). The 
mixture was quenched with ethanol (3 ml) and extracted with ediyl acetate (2x10 ml). 
The organic layer was washed with brine, dried (sodium sulfate), and concentrated in 
vacuo furnishing 46 mg of the pcoduct as an oil. 

Example 6: 15RS-16,16-trimethylcne-PGE2 methyl ester (compound 6) 

The synthesis of 15RS-16,l6-trimehyleneprostag]andin E2 (Skotnicki, S. et al. 1977) 
is schematically shown in Scheme 2. Bold figures in the following refer to respective 
structures in Scheme 2. 

Ethvl 2,2-trimethvllenehexanoate ^9^ 

To a stirred solution of N-isopropylcyclohexylamine (56.2 g. 398 mmol) in THF (400 
ml) at -78 *C was added rapidly n-BuLi (159 ml, 398 nunol of 2.5 M in hexane). To 
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the resulting solution was added dropwisc ethyl cyclobuianecarboxylaifi (8) (50 g, 390 
mmol) and stirred for 30 min, then wanned to 0 *C and dropped into a solution of n- 
butyl iodide (159 ml, 398 mmol of 2^ mol in hexanc) in DMSO (200 ml). The 
reaction mixture was stirred for 1 h a: room temperature CWC monitoiing). The sale 
was removed by filtration and the filtrate was concentrated in vacuum- The residue 
was dissolved in hexane and washed with HCl 2%, brine and water, then dried over 
sodium sulfate, and evaporated in vacuo. The residual oil was distilled (49-56 *C, 1 
mmHg) to give 26,5 g (37%) of the product 

1h NMR (CDQs) d 0.9 (t, 3H). 1.2 (t. 3H), 1.8-2.0 (dm, 5H). 2.2-2.5 (m, 3H). 4.2 
(m. 2H). 

Z2-Trimethvlcnebexan-l-ol CtO) 

To a stii-red solution of ethyl 2,2-trimcthylcnfihexanoate (9) (26.5 g. 144nmiol) in diy 
toluene (100 ml) was added dropwise DDBAL-H (206 ml, 289 mmol of 1.4 mol in 
toluene) at 0 ''C. The resulting solution was stirred at room tempcramre for 3 h (TIX: 
monitoring), and then poured into iced HCl 5%. The organic layer was separated and 
washed with HCl 5%, brine, dried, filtered and concentrated to give 30 g of the 
product as an oil. 1h NMR (CDCI3) d 0,9 (t, 3H), 1.8-2,0(dm. 5H), 2.5 (m. IH), 3.0 
(m, IH), 3.6(m,2H). 

2.2-Trimethvlenchexaldehvde Tll^ 

To a solution of 2,2-tiimeihylcnehcxan-l-ol (10) (30 g. 210 nunol). in DME (400 ml), 
was added dicyclohexanccarbodumide (DCC) (130 g, 630 mmol), DMSO (120 ml) 
and orthophosphoric acid (10.3 g). The mixture was stirred at room temperature for 3 
h (TLC monitoring), and fjltcred. The filtrate was diluted with dichloromethane (300 
ml), and washed with water. The organic layer was separated. The residue was 
removed by filtration. The filtrate was washed with brine (100 ml), dried and 
concentrated in vacuum. The residue was purified by column chromatography on 
silica gel using hexane as eluent to give the title product (17.3 g) as an oil. 
iHNMR (CDa3) d 0.9 (t, 3H). 1.2 (t. 3H).1.8-2.0 (dm, 5H). 8.8 (s, IH). 
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To a solution of lithium acetylide-ethylenediamlnc coinpkx (12.2 g, 132 mmol) in 
DMSO (10 ml) was added a solutioa of 2^-triincthylenehexaldehydc (11) (17 g, 120 
mxnol) in DMSO (20 ml) at 0 under N2. The mixture was stirred at room 
temperature for 24 h (TLC monitoriag) and then poured into an ice-cold HCl 2% (50 
ml) and ether (50 ml). The organic layer was separated and the aqueous layer was 
extracted with ether (50 ml), the combined organic phases were washed with brine , 
dried, filtered and concentrated in vacuo. The residue was chromacographed on silica 
gel using hcxanc : cchyl acetate 5:1 as cluenU which gave 12 (7.6 g, 38%) as an oil. 



E-Tributvitin^.4-trimcthv]en&-l>octene-3-ol (IS") 

A mixture of 4,4-trimctIiylcne-l-octyn-3-ol (12) (5.0 30 mmol)» tributyltin hydride 
(14.6 ml, 54.2 mmol), and AIBN (30 mg) was stirred at 130 *'C for 24 h (TLC 
monitoring). The residue was chromatographed on silicagel using hexane and 
hexanciether 9:1, respectively, as eluent, to give the title compound (13) (12.54 g, 
91.4%) as an oil. 

E-Tributvltin-4.4-tri metbvlcnc-3-trimethvlsilvloxv- 1 -octene (14] 
To the mixmre of E-tributyltin-4,4-iiimethylene-l-octene-3-ol (13) (7 g, 15.3 mmol) 
in DMF (100 ml) was added imidazole (2.1 g, 30.6 namol) and trimethylsilyl chloride 
(2.5 g, 23.0 mmol). The reaction mixmre was stirred at room temperamre for 1 h 
(TLC monitoring). The mixture was partitioned between water (200 ml) and ether 
(200 ml). The organic phase was dried and evaporated in vacuo. The residue was 
chromatographed on silica gel using hexane as clucnt to give 14 (5.53 g), 

U.15-bis Trimethvl5;i !v1oxv-l6,16-trimethvlene-5.6-didehvdro~PGE2 mcthvl ester 

a7> 

A dry 100-ml three-necked flask was charged with cuppcr(I)cyanide (928 mg, 10.4 
mmol) and a magnetic bar. The flask was capped with a rubber sepmm and heated 
under vacuum to remove any trace of water, and cooled to 0 'C under N2. Dry THF 
was added and followed by methyl lithium (14 ml, 22.4 mmol of L6 mol in diethyl 
ether), via a syringe. The mixture was stined at 0 ®C for 15 min. during which the 
suspension became clear and homogeneous, A solution of E-tributyltin-4,4- 
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trimethylcnc-3-triinethylsilyloxy»l-ocicne (14) (5.9 g. 1 1.2 mmol) in THF (10 ml) was 
added, via a syringe, at 0 **C and stirred at room tempexature for 30 min. To the 
resulting solution a solution of 4.(i-bucyldiincthylsilyloxy)-cyclopcntcnonc (15) (1.7 g, 
8 mmol) in THF (6 ml), trimcthylsilyl chloride (4.35 g, 40 mmol) and triethylamine 
(8.1 g, 80 mmol) was added, at -70 ^'C. successively and stiircd at -70 ^'C for another 
15 min. then for 15 min at 0 °C. The mixture was partitioned between hexane (600 
ml) and water (300 ml). The organic layer was separated, dried over sodium sulfate, 
iilicrcd and concentrated in vacuo to give the crude silyl enol ether as a clear oil. To 
the stirred solution of the sDyl enol ether in THF (50 ml), under N2, at -30 ®C methyl 
lithium (7.7 m!, 12.3 mmol of 1,6 mol in diethyl ether) wa's added and stirred for 30 
min followed by addition of a freshly prepared methyl-l-Criflate-2-hexynoate (16) 
(Erhardc, P.W„ ct al. 1987; Caldwell A- G., et al. 1979) and stirred at -40 for 5 
min. The resulting solution was quenched with satui*ated aqueous ammonium chloride 
solution (30 ml) and extracted with ether (3x 100 ml), dried on sodium sulfate* filtered 
and concentrated in vacuo. The residue was chromatographed on silica gel using 
hexane : ethyl acetate (1:1) as eluent, to give a clear oil of a mixture of 15RS isomers 
(2.71 g. 57.3%) 0.36 (Si02. ether : hexane 1 : 1). NMR CDCI3) d 0.2 (dm, 
12H), 0.8-0.9 (ms. 18H), 1.8 (m, 2H), 2.3 (na, 4H). 3.7 (s, 3H), 3.9-4.1 (dm, 2H), 5-5- 
5.6 (2H). The NMR was also performed on the de.si}ylated analogue, 16,16- 
trimethylcnfi-5,6-didehydro-FGE2 methyl ester. NMR (CDCI3) d 0.9 (t, 3H), 1.2- 

I. 3 (ra, 3H), 1.9-2.1 (m, 4H), 3.7 (s, 3H). 4.1 (m, 2H), 5.6-5.9 (dm, 2H). 

I I, 15-bis Trimethvlsilvloxv-T6J 6-trimerhvIene-P GE, methvl ester 

To a stirred solution of 1 1,15-bis trimethylsilyloxy-l6.16-trimethyIene-5,6-didehydro- 
PGE2 methyl ester (17) (500 mg, 0.8 mmol), in benzene : cyclohexane 1 : 1 (50 ml) 
was added Pd-BaSO^ (250 mg) and quinoline (250 mg) and stirred at -40 under H2 
atmosphere for 5 h (TLC monitoring). The reaction mixture was diluted with ether 
and filtered through eel ite, and concentrated in vacuum. The residue was 
chromatographed on silica gel using hexane : ethyl acetate 9: 1 to give 442 mg of tlie 
corresponding product. 
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To the solution of 1 l,15*bis lriinethylsiIyloxy-16j6-trimethylene.PGE2 methyl ester 
(374 mg, 0.589 mmol) in THF (18 ml) was added HP 40% (3 J ml) in THF (1 ml) at 0 
**C. The reaction mixture was stirred for 5 h (TLC monitoring) and then poured into a 
mixture of sodium hydrogen carbonate 5% (30 ml) and ethyl acetate (50 ml). The 
organic layer was separated and the aqueous layer was washed with ethyl acetate 
(2x30 ml). The organic layers were pooled and dried, on sodium sulfate, and 
concentrated in vacuo. The residue was chroraatographcd on silica gel using hexane : 
ethyl acctatelil, and ethyl acetate successively to give 6 (75 mg, 31%), as an oil. 
iH NMR (CDC13) d 0,9 (t. 3H). 1.3 (t, 6H), 2.0-2.6 (mm, 9H). (dm, 5H), 3.6 (s, 3H). 
4.1 (m. 2H), 5-4 (m, 2H), 5.6-5.8 (dm, 2H); NMR (CDCI3) d 14^2, 14.9. 23.7, 
24.7, 25.2, 26.2. 26.5. 26.6, 26.8, 29.7, 33.4. 36.5, 44.9, 46:0, 51.6, 54.0, 54.6, 71 .9, 
76.7,77.06,77.1.77.38, 126.5, 126.9, 127.7, 130.9. 132.5, 132.9. 133,36. 133.46. 
174.15,214.32. 

Example 7 : Synthesis of 13,I4-dihydxo-17-(3-fluorophenyl)-18,19,20-trinor PGE2 
isopropyl ester (compound 7) 

The syndicsis of the title compound is schematically shown in Scheme 3. Bold figures 
refer to respective structures in Scheme 3. 

Dimethvl-('2-oxo-4-r3-f!uorophenv lbutvnphosphonate 

To a stirred suspension of sodium hydride (4.17 g, 138 mmol) previously washed with 
n-pentane, in dry THF (250 ml) at room temperature was added dropwise a solution of 
dimethyl-2^xo-propylphosphonatc (23.12 g, 132.3 mmol) in THF (1 10 ml). The 
reaction mixmre was stirred for 2 h, then cooled in an ice bath and treated with a 
solution of n-BuLi (10.2 g, 158.7 mmol) in hcxanc, causing a dark brown solution to 
be fonned. Stirring was continued for 2 h at 0 "^C, followed by dropwise addition of 3- 
fluorobenzyl bromide (25 g, 132.3 mmol) in THF (50 ml). The reaction mixture was 
gradually watmed to room temperature and after 3 h (TLC monitoring), it was 
quenched with 10% HQ (20 ml). The mixture was poured into ice-water (200 ml), 
extracted with CHOs (2x150 ml), the organic layers were collerted, washed with 
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brine (150 ml), chromatographecl on silica gcl using CH2CI2 EtOAc successively 
as eluent, furnishing 19.5 g of a slightly yellow oil- iJ/= 0.37 (silica gel, 
ElOAc:acetone 1:1) 

( I S,5R.6R,7R>-6-PQrTDvl-7-(4-Dhenvl ben2ovloxv V2-Qxabicvclorr3.3.QlQctane-3-onc 

22 

To a solution of the alcohol 18 (19.0 g, 53.9 mmol) in DME (100 ml), cooled to 18 
°C, was added dicydohexylcarbodiimidc (PCC) (33.3, 161.8 mmol). DMSO (38.2 
ml) and phosphoric acid (1.43 ml, 21 .28 mmol). The temperature of the reaction 
mixture was kept below 25 °C for 30 min. The rcactioa mixture was stilted at room 
temperature for additional 2 hours (TLC monitoring), and the precipitate was removed 
by filtration and washed with ether (2x50 ml). The coiobined organic layer was 
washed with water (50 ml) and brine (2x50 ml), the aqueoui; solution was extracted 
with ether (100 ml), the organic layers were collected and dried over sodium sulfate, 
filtered, and used directly for the next step. TLC Rf = 0,37 (silica gel, EtOAcitolucne 
2:1). 



aS,5R.6R.7RV6-(3-Qxo-5>(3-fTuorophenvn-l-E-pcntenvll-7-r4-phenvl benzovloxvV 
2-oxabicvcior3.3.QlQCtane-3-Qne ^20^ 

To a stirred suspension of NaH (1.9 g, 65.1 mmol), prewashed with n-pentane, in 
DME (130 ml) under nitrogen, was added dropwise dimcthyI-2-oxo-4-(3- 
fluorophenyl) butylphosphonatc (Wadsworth. Jr., W. S., el al. 1961) (19.3 g. 70.5 
mmol), in DME (100 ml) and stirred vigorously for 1 h at room temperature. The 
mixture was then cooled to - ICC and a solution of the crude aldehyde 19 was added 
dropwise. After 30 min. at 0 **C and 2 h at room temperature (TLC monitoring), the 
reaction mixture was neutralized with acetic acid, the solvent was removed in vacuo 
and the residue was dissolved in EtOAc (200 ml), and washed with water (50 ml) and 
brine (50 ml). The organic layer was dried over anhydrous sodium sulfate, filtered and 
evaporated in vacuo. The residue was stirred with ether (100 ml), the resulting white 
precipitate was filtered and washed witii cold ether, giving a white crystalline 
substance yidd (17 58.5%) 0.56 (silica gel, ethyl acetate : toluene 2:1) 
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flS.5R.6R,7RV6-f3S-3-Hvdb-oxv-S-G-fluoroTiherv1V1-p cntenvlV7-r4-phenvl 
benzovloxvV2-oxabicvclor3.3,01octaiie-3-cine (21') 



chloride (CcC]yl H2O) (3.8g, 10.3 mmol) in THF:cthcr 1:2 (60 ml) cooled to -20 "^C 
xmder nitrogen was added sodium borohydride (0.8 g, 20.57 mmol) in small poitions. 
The reaction mixture was stilted for 2 h (TLC monitoring). The temperature was 
raised to ±0 *C, then quenched by adding water (20 ml) and an aqueous solution of 
10% HQ to pH 4 and extracted with EtOAc (50 ml). The organic layer was separated 
and washed with biine, dried on anhydrous sodium sulfate, concentrated in vacuo and 
chromatographcd twice on silica gel using toluencLEtOAc 2:1 and 1:1 successively as 
eluent, furnishing 4 (5 g) as a white crystalline product Rf= 0.32 (silica gel, 
EtOAc: toluene 2:1. 

riS.5R.6R.7RV6-f3R-3-Hvdroxv-5-f3-fluorDDhenv1V1>pentvn-7-(^4-phenvl 
benzovloxvV2-oxabicvclor3.3.01octane-3-one f22^ 

To a suspension of 10% Pd/C (0.1 g) in sodium nitrite (3,6 ml, 1.8 mmol) and eihanol 
(15 ml) was added a solution of 21 (3 g, 6.0 mmol) in ethanol (6,0 ml). The mixture 
was stirred under hydrogen atmosphere for 6 h (TLC monitoring), and quenched with 
IM solution of HCl. The catalyst was removed by filtration through a celite pad, 
washed with ethanol abs. (15 ml). The solvent was removed in vacuo. The resulting 
oil was dissolved in EtOAc (100 ml), and washed with brine 15% (30 ml). The water 
phase was washed with EtOAc (40 ml). The combined organic extracts were dried 
over sodium sulfate and filtered. The .<;olvent was removed in vacuo. The residue was 
chromatographed on silica gel using EtOAc as eluent, which gave 5 (2.94 g), Rf= 
0.25 (silica gel, EtOAc). 

r 1 S .5R.6R>7R^-6- ( 3R-3-Hvdroxv-5-f 3-fluorDphenvl V I -pentvl l--7-R-hvdroxv-2- 
oxal?icYgl9r3,?.9l99tH;g-3-?ng (23) 

To a solution of the lactone 22 (2.8 g, 5.65 mmol) in methanol (15 mi) was added 
potassium carbonate (0.47 g. 3.3 mmol) aod the mixLuie was stirred ai ambient 
lemperdtuic for 6 h (TLC monitoring). The mixture was neutralised with 10% 
aqueous solution of HCI and extracted with EtOAc (2x30 ml). The organic phase was 



To a siirred solution of the enone 20 (17, 1 g, 34.3 mmol) in THF (20 ml) and cerium 
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dried on anhydrous sodium sulfate and cvaporaied to dryness. The erode product was 
chromatographed on silica gel using EtOAc:acetonc 1:1 as eluent The title compound 



EtOAc); lHNMR(CDCl3)d 1.2-1.4 (m, IH), 1.54Cm,3H), 1.8 (m, 3H), 2.1 (m, IH), 
2.2 (m. IH), 23 (m. IH). 2,6 (m, 2H). 2.67 (nu IH). 2.8 (m. 2H). 3.60 (m. 
CH2£HQHCH2). 4.0 (m. £HOH) 4.92 (m. QIOC=0). 6.8-7.0 (m. 3H), 7.28 (m, IH). 

(1 S.5R.6R.7RV6- f 3R-3-t-butvl dimethvlsilvloxv-5-G-fluo^henv]Vl-pentvl)-7-R-t- 
butyl dimethvlsilvloxv-2-oxabicvclor3.3.01octane-3-one f24^ 
t-Butyldimetyhylsilyl chloride (2.3 g, 14.9 mmol) was added in one portion to a 
solution of the diol 23, triethyl amine (2.1 ml, 14.8 mmol) and 4-diraethylamino 
pyridine (0,06 g, 0.1 mmol) in dichloromethane (20 ml) with vigorous stirring at room 
temperature for 24 h, and the reaction mixture was concentrated in vacuo. The crude 
product was dissolved in ethyl acecare (50 ml), washed with water (20 ml) and 5% 
aqueous solution of sodium hydrogen carbonate (20 ml). The organic phase was dried 
on sodium sulfate, filtered and concentrated in vacuo. The re&idue was 
chromatographed on silica gel using dichloromethane as eluent to give 3 g of the 
produce as oil. i?/= 0.68 (silica gel, ether) 

riS.5R.6R.7RV6-(3R-3-t-butvl dimethv l5!lvloxv-S-f3>fluorophenvlV^i>entY»-7>R-t- 
butvl dimethv1siIvlQxv-2-oxabicvc1or3.3.01octane-3-ol (25^ 
A solution of diisobutylaluminium hydride (DIBAL) (1.1 g, 7.43 mmol) in diy 
toluene (5.3 m) was added dropwise to a stirred solution of the lactone 24 (2.7 g, 4.95 
mmol) in dry THF (30 ml) ai -72/-80 **C. After 1 h (TLC monitoring), the reaction 
mixture was quenched with methanol (5 ml) and was wanned to room temperature^ 
and added water (50 ml). 10% aqueous solution of HCl (50 ml), extracted with EtOAc 
(2x50 ml). The organic layer was dried with sodium .sulfate, filtered, the .<;oIvent wa.*; 
removed in vacuo, and the residue was chromatographed on silica gel using EtOAc 
and EtOAc:acetone 1:1, re^-pectivcly, a^ eluenC, to give a yellow oil product (2.7 g), Rf 
= 0.85 (silica gel, ethyl acetate 1:1). 



23 wa5; obtained as a white crystalline product; yield 1 .6 g, Rf- 0.17 (silica gel, 
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T3.I4-Dihvdro-ll.lS-di-t-butvJdiniethyl silvioxv-T7-f3-fluorophenvlV18,l9.20-trinor- 



To a stirred suspension of 4-cafboxybutyl triphenyl phosphonium bromide (8.78 g, 
19.82 mmol) in THF (50 ml) under nitrogen at 0-5 was added potassium 
t-buioxide (3.89 g» 34.6 mmol), and the mixture stirred for 30 min. at room 



lactol 25 (2.7 g, 4,95 nunol) in THF (10 ml), and tlie mixture was stirred for 3-4 h 
(TLC monitoring). The reaction mixture was diluted with water (30 ml) and washed 
with ether (4x40 nal). The water layer was acidified with 5% aqueous solution of citric 
acid to pH 4 and extracted with EtOAc (2x50 nol). The organic phase was washed 
with brine (30 ml), dried on sodltmi sulfate, and filtered. The solvent was removed in 
vacuo, and the slurry 26 was used directly without isolation for the next step. 

13.14-Dihvdro-l 1.15-di-t-butvldimethvl silvloxv 17-f3-fluorophenvlV18.19.20-trinor 

DBU (5.28 g, 34.7 mmol) was added dropwise to a stirred solution of the crude 
product 26 (3.16 g, 4.96 mmol) in acetone (20 ml) at 0 **C. The mixture was allowed 
to warm to room tcmperdturc, and isopropyl iodide (5.05 g, 29.7 mmol) was added 
dropwise. After 4 h (TLC monitoring), the mixture was diluted with EtOAc (100 ml), 
washed with brine (30 ml), citric acid 3% (2x25 ml) and sodium hydrogen carbonate 
5% (2x25 ml) and dried over anhydrous sodium sulfate. The solvent was removed in 
vacuo and the residue was chromatographed on silica gel using ethenpetroleum ether 
1:2 as eluent. This afforded a colourless oil, yield 1 .7 g, R/ = 0.43 (silica gel. ether : 
petroleum ether 1:2) =0.32. 1H NMR (CDCI3) d 0.1 (m, 9H), 0.9 (m, 16H), 1.2 (m, 
9H), 1.6-1.8 (mm, lOH), 2.12 (m, 2H), 2.22-2.33 (m, 2H), 2.6-2.9 (dm, 2H), 3.65 (m, 
<::H2CHQHCH2). 3.94 (m, CH oCHOH) , 4.16 (m, CH2CHOTD, 5.0 (sept. IH), 5.38 
(m, db), 5.47 (m, db). 6.8-7.0 (dm. Ar, 3H), 7.2 (ni, Ar, IH). 

13.1 4-Di h vdro- 11.1 5-di-t-butvldimethvl silvloxv 1 7-r3-fluorop henvn- 18.1 9-2Q-trinor 
PGE? is<?propYl ester 



PGF2ry f2g) 



tcmpcraruTc. To the resultant red orange solution of ylide at -ISZ-iO "^C was added the 



Pyridinium dichlorochromatc (2.43 g, 1 1.25 mmol) on aluminum oxide (20 g) was 
added in small portions to a solution of 27 (1.7 g, 2.5 mmol) in dichloromethane (30 
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ml) and the mixture was stirred at room temperature (TLC monitoring), filtered, and 
the precipitate was washed with ether: ethyl acetate 2:1. The solvent was removed in 
vacuo. The residue was diluted with ether (100 mi) Jnd washed with waicx (30 ml), 
5% aqueous solution of NaHCOj (3x20 ml), the organic phase was separated and 
dried over sodium sulfate, and evaporated in vacuo to give 28 (1 .3 g), as an oil. R/js 
0.72 (silica gel, ethyl acetate). 



@024 



13.14-D3hvdr (^17-(3-fluoroDhenvlV18.19.20-trinor PGl^ isopropvl ester m 
Hydrogen fluoride 15% (12 ml) was added to a solution of 28 (314 mg) in accconitrilc. 
The mixture was stirred at room temperature for 4 h [TLC monitoring). The reaction 
mixture was diluted with ethyl acetate (100 ml) and washed with water (3x20 ml), 
dried and evaporated in vacuo. The residue wa.<; chromatographed on silica gel using 
ethyl acetate as eluent, which gave 7 (64 mg) as an oil. R/- 0.43 (silica gel, ethyl 
acetate). 1H NMR (C3X:i3) d 1.2 (d, 6H), 1.6-1.8 (4 6H), 1.8 (m, 2H), 2.12 (m, 2H). 
2.2-2.3 (m, 2H), 2.6-2.8 (dm. 2H), 3.6 (m, CH 7CHQH CH7), 4.16 (m, CH oCHOHl . 
5.0 (sept. IH), 5.38 (m, db), 5.47 (m, db), 6.8-7.0 (din, Ar, 3H), 7.2 (m, Ar. IH). 



PhanT\ftc<?l9SY 



Intraocular pressure reducing effect of he test compoimds in cals^and monkeys. A ll 
compounds except for 13,14-dihydro-17-(3-fluQrophpiyl>18, 19, 20 trinor-PGE2- 
isopropyl ester (7) were tested for intraocular prcssxuc reducing effect in animal 



models. The intraocular pressure was measured with 



a calibrated pneumotonometer. 



European domestic cats and cynomolgus monkeys wj^re used as experimental animals, 
The cornea was anaesthetized with oxibuprocain before the measurement The 
reductions in intraocular pressure after topical treatmlent with the PGF2p isopropyl 

r 

ester (2). 17-phenyH8,19^0-trinDr-PGE2-isopropyl ester (4). and 15RS-16,16- 
trimethylene-methyl ester (6) are demonstrated in Tables IV and V. 
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Table IV. iDtraocular pressure reducing effect of 1 |ig of the test compounds, with 
effect on the EP^ prostanoid receptOTr in cats. The control eye received the vehicle 
only. (n=6; Mean+/-SEM). 



@025 



Prostaglandin/ 
Bye 



Baseline pressure Pressure 3 h after treatment 
(mmHg) (mmHg) 



Experimental eye 
Control eye 



24.2 4/- 23 
24-5+/- 2.7 



15.1 +y- 2.8 * 
22.5 +/- 3.4 



Experimental eye 
Control eye 



22.0 4/. L7 
21.5+/- 1.7 



14.2+/. 1.7 * 
18,7+/. 1.9 



Experimental eye 
Control eye 



19.2+/- 1.7 
19.3+/- 1.7 



9.5+/. 0.5 * 
17.0+/- 1.3 



* p<0.01 (matched pair t-test between eyes) 
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TableV. Intraocular pressure reducing effect of the test coinpounds, with effect on the 
EPi receptor, in monkeys. The dose of PGF2p-inelhyl csccr was 30 while that of 
17-phenyl-l8,19,20-trinor-PGEr-isopropyl ester, and 15RS-16.16-iriniethylene-PGE2- 
isopropyl ester was 3 jig. The control eye received the vehicle only (n=6; Mean+/- 
SEM). 



@026 



Prostaglandin/ 
Eye 



Baseline pressure 
(mmHg) 



Pressure 4 h after treatnoent 
(mmHg) 



Experimental eye 
Control eye 



17.8 +/- 1.4 

16.9 +/- 1.2 



14.1 +/- 1.8 ♦ 
17.5+7-2.0 



Experimental eye 
Control eye 



14.1 +/- 1.1 
13.9+/- 1.0 



9.9+/- 0.9 * 
11.5 +/-0.8 



Experimental eye 
Control eye 



20.9 +/- 1.6 
21.3+/- 1.5 



15.3 +/-2.4 ♦ 
19.0 1.5 



* p<0.05 (match paired t-tcst between the eyes) 



It can be seen that both in cats and monkeys aU the prostaglandin analogues with 
preference for the EP] receptor significantly reduced the intraocular pressure. 

Accordingly, the present invention discloses that compounds with selective 
stimulatory effect on EPi receptors reduce the intraocular pressure, and that .such 
compounds cannot have any melanogenic effect in the eye since the pigment 
producing cells, the melanocytes, lack the EP; receptor in man. Thus, the common 
side-effect of increased iridial pigmentation can be avoided during chronic therapy 
with prostaglandins selective for EPi receptors. 
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Scheme 1 




•97 07/11 20:41 



6 18 166301 



PH LEGAL DEPT 



26 



Ink. t Patent- ocfi"reg".venca 
1997 -07- 1 1 



Scheme 2 




COOCH, 



TBDMO 



Reagents 

a. N-isopropyIcydohexyl amine /THF, n-BuU. ethytcydobutanecarboxyiate/ DMSO 

b. DlBAL*H, / toluene 
cDCC/ DME, DMSO. H3P04. 
d-Uthium-acetylide^thylene diamine, DMSO 

e. tributyltin hydride. AIBN 

f. Trimethylsllyl chloride (TMSQ), Imidazole/ DMF 

q L12CuCN(CH3)2. TMSQ. triethylamlne. 4-t-UitylHlimethyisitytoxy^2-cy^ 

1.tributyItln-4.4.-trlmethyl€n<^-3-trimamyteJlyloxy^1-^ methyf-2-yn.8-octanoate 

h. Pd-BaS04. quinoline, 

i. HF/THF 



% 
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Scheme 3 

nuvudnzxon Kosson 




7 ! 



Reagents | 

a. OCC. DMSO, H26O4J DME. H3P04 

b. NaH, dimethyl-2-oxo-4-.(3»fluorophenyl)-butylphosphonatc 
e. NaBH4, CeCI3.7H20hHF 

d, Pd/C.NaN02/THF i 

e. K2CQ3/Memanol j 

t.TDOMS, TEA, 4-dimethylamlno pyridine/dichloromeihana 

g. DIBAL-H/THF I 

h. 4-carboxybutyl trlph»nyl phosphonium bromide 
potassium t-butoxWej THF 

i. DBU. tsopropyl iodide^ acotona 

j.pyridinium chlorochromatc, aluminium oxkia/ dicnioro methane 
K.HF/acetonitrila 
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CLAIMS 



1 . A composition for the treatment of glaucoma and ocular hypeitension 
comprising a thcrapcuticaUy active and physiologicaUy acceptable amount of a 
prostaglandin analogue which is a selective agonist for EPi prostanoid receptors, or a 
pbannaceutically acceptable salt or ester thereof. 

2. The composition according to claim 1 , wherein the prostaglandin analogue is 
derived from PGF or PGE type prostaglandins. 

3. The composition according to claim 1 or 2. wherein the prostaglandin analogue 
is a compound of the general formula: 




B2 

wherein: 

the wavy bonds represent the a or P configuration, and the dashed bonds 
represent a single bond, a triple bond or a double bond in the cis or trans 
configurdtion: 

R is hydrogen, sattrated or unsaturated alkyl. preferably Ci-iQalkyl, cydoalkyl. 
preferably Cs-gcycloalkyL aryl, aiylalkyl. preferably afyl-C2.5alkyl. or hcteroaiyl; 

Rl is a saturated or unsaturated alkyl group having 2-5 carbon atoms, optionally 
interrupted by a heieroatoms selected from oxygen, sulfur and nitrogen, cycloalkyl. 
preferably C3.7cycloalkyl, cycloalkenyl. preferably C3.7cycloalkenyL aryl or 

hcteroaryl; 

Xis^C-0Hor>C=O; 

R2 is hydrogen, hydroxy, methyl, ethyl, meiboxy or OCOR4, where R4 is a 
straight or branched chain saturated or unsanirated alkyl group, preferably Ci.iQalkyl. 
especially Ci-ealkyl. or a cycloalkyl. preferably Cs-gcycloalkyl, or aryl group; 



% 
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R3 is a straight or branched chain saturated or unsaturated alkyl group, 
preferably having 3-8 carbon atoms, especially 3-5 carbon atoms, optionally 
interrupted by one or more hetcroatoms selected from oxygen, sulfur and nitrogen, 
each carbon atom optionally being substituted with a substituent selected from 
C 1-5 alkyl, hydroxy and carbonyl groups, hydroxy and carbonyl preferentially being 
attached to carbon 15 of the prostaglandin structure, and said alkyl group optionally 
containing a cycloalkyU preferably Cs-gcycloalkyl, aryi or heteroaryl group, which 
may be mono- or independently multi-substituted with Ci-salkyl, Ci.3allcoxy. 

hydroxy, nitro, trifluorometbyl or halogen; 

or a pharmaceutically acceptable salt or ester thereof, 

4. The composition according to claim 1, 2 or 3, wherein the prostaglandin 
analogue is 15(R,S)-16,16-trimethylene-PGE2 or an alkyl ester thereof. 

5. A method of treating glaucoma or ocular hypertension in a subject's eye, which 
method comprises contacting the surface of the eye with an effective intraocular 
pressure reducing amount of a ihcrapeutically active and physiologically acceptable 
prostaglandin analogue which is a selective agonist for EPi prostanoid receptors, or a 
pharmaceutically acceptable salt or ester thereof. 

6. The method according to claim 5, wherein the prostaglandin analogue is derived 
from PGF or PGE prostaglandins. 

7. The method according to claim 5 or 6, wherein the prosugJandin analogue is a 
compound of the general formula: 



@033 




COOR 



wherein: 



&7 07/11 20 : C3 ^P^B IS 166301 PS LEGAL DEPT^^V @034 



3^ 1997 -07- .1 1 

the wavy bonds represent the a or p configuration. anS^Sc3ShS*bonds 
represent a single bond, a triple bond or a double bond in the cis or trans 
configuration; 

R is hydrogen, saturated or unsaturated alkyl. preferably Ci-iQaUcyi. cycloalkyl, 
preferably C3.8cycloalkyl, aryl. arylalkyl, preferably aiyi-C2.5a3kyl, or heteroaryl: 

Rl is a samraied or unsaturated alkyl group having 2-5 carbon atoms, optionally 
interrupted by a heteroatoms selected from oxygen, sulfur and nitrogen, cycioalkyl. 
preferably C3_7cycloallcyl. cycloalkenyl, preferably Cs.vcydoalkenyl. aryl or 

heteroaryl; 

Xis>C-OHor>00; 

R2 is hydrogen, hydroxy, methyl, ethyl, methoxy or OCOR4, where R4 is a 
straight or branched chain saturated or unsaturated alkyl group, preferably Ci-i o^lM. 
especially Ci^alkyl, or a cycioalkyl. ptcfiarably Cs-gcycloalkyl, or aiyl group; 

R3 is a straight or branched chain samraied or unsanuraied alkyl group, 
preferably having 3-8 carbon atoms, especially 3-5 carbon atoms, optionally 
interrupted by one or more heteroatoms selected from oxygen, sulfur and nitrogen, 
each carbon atom optionally being substimted with a substituent selected from 
Cj.salkyl, hydroxy and carbonyl groups, hydroxy and carbonyl preferentially being 
attached to carbon 15 of die prostaglandin strucmre. and said alkyl group optionally 
containing a cycioalkyl, preferably C3.8cycJoa]kyl, aiyl or heteroatyl group, which 
may be mono- or independcnUy multi-substituted with Ci.salkyl, Ci.salkoxy, 
hydroxy, nitro, ttifluoromethyl or halogen; 
or a pharmaiwuiically acceptable salt or ester thereof. 

8. The composition according to claim 5, 6 or 7, wherein the prostaglandin 
analogue is 1 S(R,S)-1 6. 1 6-tiimelhyleDe-PGE2 or an alkyl ester thereof. 



9. The method according to any one of claims 5-8. wherein a therapeutically active 
and physiologicaUy acceptable composition containing said prostaglandin analogue is 
administered topically on the eye 1-3 times daily. 



% 
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10. Use of a prostaglandin analogue which is a selective agonist for EPj prostanoid 
receptors as defined in any one of claims 1 to 4 for the preparation of a medicament 
for treatment of glaucoma and ocular hypertension. 
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ABSTRACT 



A new method and compositions for the treatment of glaiicoma and ocular 
hypertension arc described. The method is based on the usage of EPi prostanoid 
receptor agonists which effectively reduce he intraocular pnjssure but have no effect 
on iris pigmentation. The prostaglandin analogue which is an EPi selective agonist is 
applied topically on the eye. 
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